time-dependent, three-dimensional coupled partial differential equations, undergo transitions to qualitatively different states when some control parameter is varied. As pathways to hydrodynamic turbulence, these transitions, or bifurcations, have been a subject of renewed interest [1 ] . However the pre-turbulent bifurcations are interesting in their own right. Here we consider a specific example : that of spherical Couette flow, the flow between differentially rotating concentric spheres (Fig. 1) .
Spherical Couette flow is a variant of the classical Taylor-Couette flow [2] in which the inner of two concentric cylinders is rotated. In the cylindrical case, when the rotation speed exceeds a critical value, the primary -strictly azimuthal-flow becomes unstable and Taylor vortices form that redistribute angular momentum between radial shells. In the spherical case, as long as curvature effects are not too strong, the first bifurcations are basically due to the same mechanism which is still expected to work in the vicinity of the equatorial plane. Unfortunately, due to the absence of any known closed-form solution for the basic state, a detailed theoretical explanation of the situation is not straightforward. To circumvent this difficulty, supplementing standard laboratory experiments, large scale numerical computations have been performed. The aim of this paper is to show that the empirical knowledge gathered in that way can be readily organized within the framework of dissipative dynamical systems theory [3] . [6, 7] or a direct search for solutions of the time-independent equations [8 ] . In (8) and antisymmetric (A) perturbation to the basic flow.
A stability analysis [7] shows that between Re = 651 and 775, the steady states belonging to the 0-2-curve just described are linearly unstable to an infinitesimal perturbation that has a real growth rate (no oscillatory behaviour). The spatial structure of the corresponding eigenvector is antisymmetric with respect to the equatorial plane (Fig. 4) At the fixed points corresponding to these solutions the second derivatives of the potential (6) assume simpler forms which make the stability analysis trivial :
The fixed points remain stable against antisymmetric fluctuations as long as equation (7) figure 5 where it can be seen that the stable manifold of the saddle point separates the basin of attraction of the two stable nodes. (7) and that given by (5a), i.e. :
For simplicity we assume a' = 0 so that the only remaining control parameter is c (codimension-one scenario). Then this last equation reads :
The graphical solution is presented in figure 6 . (2) with phase portrait as in figure 5 and 9/4 c to situation (6) which is seen to be a saddle. The phase portrait for c = 5/4 is given in figure 7 9 ). Its only drawback is that the final decay towards state 0 cannot be reproduced using it since the boundary between the opposite circulating vortices merges with the equatorial plane slightly before state 0 is actually reached as will be seen in figure 13 (the remainder of the transition is spent forming the pinches mentioned previously). The algorithm used to solve the axisymmetric time dependent Navier-Stokes equations in a spherical layer has been described elsewhere [7] . A pseudospectral method [11 ] [12] ). Extensions are not difficult to imagine, even to time-dependent cases that would require the use of Poincar6 sections. They would be probably difficult to work out but the kind of phenomenological modelling used here seems a promising way to get a thorough understanding of complicated nonlinear pre-turbulent problems.
